This secondary data analysis was designed to explore the age differences in lymphedema (LE) occurrence and self-reported symptoms in post-breast cancer LE. A descriptive-exploratory cross-sectional design was used with a convenience sample composed of 102 women treated and followed for breast cancer at a midwestern cancer center. Sequential circumferential arm measurement was used to estimate limb volume differences. Self-reported symptoms were assessed by the Lymphedema and Breast Cancer Questionnaire (LBCQ) designed and tested by the research team. Lymphedema occurrence was relatively higher (41.2%) in breast cancer survivors younger than 60 than in those older than 60 (30.6%). Six subjectively reported symptoms were found to occur more often (P Յ .05) in the younger women with LE: numbness now and in the past year, tenderness in the past year, aching now and in the past year, increased temperature in arm now. Numbness, tenderness, and aching were the most prevalent symptoms among women in both age groups regardless of LE presence. Our findings suggest that younger breast cancer survivors may have increased LE risk and report LE-related symptoms more often. Future research should focus on age differences in LE risk, occurrence, and perceptions of LE- Analyses of a portion of these data were presented previously: Armer JM, Fu M. Age differences in post-breast cancer lymphedema signs and symptoms.
A s many as 20% to 40% of women treated currently for breast cancer will develop lymphedema (LE) in their lifetime. [1] [2] [3] [4] [5] Breast cancer survivors with LE experience a wide range of potentially debilitating outcomes. Lymphedema occurs as both an acute and chronic condition in which significant and persistent swelling is associated with an abnormal accumulation of protein-rich fluid in the affected area due to an interruption or obstruction of the lymphatic vessels. 6, 7 The swelling often causes discomfort and disability and predisposes the patient to infection. 8 The impact of LE on the quality of life of breast cancer survivors is extensive, encompassing functional status and occupational roles, psychosocial and financial aspects, as well as lifestyle changes. 5, 6, [8] [9] [10] [11] [12] [13] With increasing age as a risk for breast cancer, 14 understanding the impact of breast cancer and the comorbidity of LE on older women is important. Although age is usually thought to be a factor related to risk for LE, to date, no epidemiological or intervention studies have documented the agerelated LE incidence and prevalence, signs and symptoms experienced, or efficacy of LE treatment for breast cancer survivors. The purpose of this secondary data analysis was to explore the differences in post-breast cancer LE signs and symptoms experienced by survivors younger than 60 in comparison to those aged 60 and older.
Ⅵ Background Aging Issues Related to Post-Breast Cancer LE
Breast cancer has been the leading carcinoma occurring in women of various ages. In 2005, the American Cancer Society estimated that there would be 211,240 new invasive breast cancer cases among women in the United States.
14 Lymphedema is a chronic complication resulting from breast cancer treatment, including surgery and radiation therapy. 2, 5, 15 Early detection and advances in treatment options have increased long-term breast cancer survival rates. 14, 16 With increased cancer survivorship, the quality of life of breast cancer survivors has become a renewed focus. Of the 2 million breast cancer survivors in the United States, at least 1 in 4 is likely to have LE within 11 years of treatment. 3 The impact of unmanaged and unresolved LE on the quality of life of women surviving breast cancer is great, encompassing interpersonal and family relationships, functional abilities, occupational roles, and, perhaps most important, self-esteem. 13 In addition, significant health-related complications of unmanaged LE include cellulitis, lymphadenitis, and potentially life-threatening septicemia. 17 Many breast cancer survivors with LE experience various degrees of functional impairment that impede satisfactory daily life. 8, 18 The heaviness and bulkiness of the affected arm may prevent women from wearing their usual clothing, completing household chores, or carrying out their occupational roles. 8, 10, 12, 19 Similar to other cancers, the risk for breast cancer increases as individuals age, with most cases occurring in women older than 60. 14, 20 Risk increases rather dramatically with the years: the age-specific incidence rate for breast cancer for all races combined for the period 1994-1998 varied from 1.5 cases per 100,000 population for women aged 20 to 24 to 489.7 cases per 100,000 for women aged 75 to 79 years, the group with the highest incidence rate. 20 Although age is assumed to be a factor related to risk of post-breast cancer LE, few studies to date have documented the age-related incidence and prevalence of LE, signs and symptoms, or efficacy of LE treatment. Rather, it has been assumed that older women, known to be at higher risk of breast cancer, are also at higher risk of LE.
Little is known about how women may deal with personal and psychosocial factors that make coping effectively with the chronic life-altering nature of LE difficult. In addition, very little is known about the full impact of LE on women's psychosocial health, functional abilities, and quality of life as they age.
The historic lack of attention to these topics inhibits understanding of LE, its differential impact on women as they age, and the development of effective intervention strategies to reduce a wide array of debilitating outcomes that make LE a major health risk. Further study is needed in relationship to the onset, progression, and management of LE among younger and older breast cancer survivors. In addition, the effect of aging on limb volume measurement in normal and lymphedematous limbs has been unexplored. This secondary data analysis was designed to provide information concerning LE occurrence and its related signs and symptoms experienced by survivors aged 60 and older in comparison with those younger.
Post-Breast Cancer LE Assessment
Lymphedema can be categorized as mild, moderate, or severe, and staged as Grade I (reversible) to III (severe with irreversible skin changes). 6 All breast cancer survivors have the risk of developing LE in their hand, arm, breast, and trunk throughout their lifetime. 2, 21 Lymphedema in the ipsilateral arm is the most common location of swelling, exerting the greatest impact on women's lives after breast cancer. 2 Assessment of post-breast cancer LE is largely dependent on the evaluation of objective signs and subjective symptoms. Although LE can be verified objectively once it passes the latent stage, assessment of the subjective symptoms remains essential in diagnosing and managing LE. Changes in fit of jewelry/clothing, skin changes, decrease in range of motion, and feelings of heaviness, pain, and swelling are all indicators of LE. 19, [21] [22] [23] [24] [25] Usually, it is the distress caused by LE symptoms that leads breast cancer survivors to seek treatment and continue self-management. Some researchers and healthcare providers advocate that the subjective presence of LE symptoms warrants the institution of early interventions. 23, 26 Some further suggest that subjective assessment, including feelings of heaviness, pain, and difficulty in limb movement, are indicators for assessing the effectiveness of LE treatment. 25 The most commonly used objective assessment of LE has been a finding of 2 cm difference or more in arm circumference (or 200 mL difference in limb volume) between affected and nonaffected limbs. 2 Sequential circumferential arm measurement has been the method used most frequently to quantify LE in the clinical setting and in research studies. 21 
Ⅵ

Methods
Design
The findings reported here result from the secondary analysis of data from a research study that used concurrent and retrospective methods in combination with a descriptive-comparative cross-sectional design to examine the occurrence of LE and related signs and symptoms among breast cancer survivors followed at a midwestern cancer center. Anthropometric circumferential measurements, interviews, and retrospective chart review were used to collect data from participants. Findings from the preliminary data analysis of the study regarding the overall LE prevalence 1 and the primary analysis of LE occurrence comparing lymph node-related diagnostic procedures (sentinel lymph node biopsy [SLNB] versus axillary lymph node dissection [ALND]) 27 have been reported elsewhere, along with analyses focused on validation of the symptom assessment tool. 28 This secondary analysis focuses on age differences in LE occurrence and symptoms.
Sample/Settings
A convenience sample of 102 patients from a cancer center was recruited during routine follow-up for breast cancer treatment. Eligibility for enrollment in the study included history of breast cancer (Stage I-IV); prior history of surgical treatment with/without radiation therapy, with/without chemotherapy; age 18 or older; ability to read and understand English; and ability to give informed consent.
Instruments
Anthropometric measurements. Sequential circumferential arm measurements were used to determine the presence of LE. A 5-point sequential circumferential measurement technique was applied on both the ipsilateral and contralateral limbs at the following points: hand proximal to metacarpals, wrist, fullest part of the mid-forearm below elbow, elbow, and fullest part of the upper arm above elbow. 1, 27, 28 Both arms were measured at similar anatomic landmarks, with placement of measurements confirmed by distance in centimeters above the styloid process and above/below the antecubital crease. A special nonstretch, weighted Gulick tape measure calibrated in centimeters was used to obtain the measurement. Three measurements at each of the 5 points on both limbs were carried out, with mean girth measurements calculated for analysis. Test-retest sequential circumferential arm measurements were performed on 3 volunteer breast cancer patients with arm LE. Consistency across raters was compared on these 3 volunteers 3 months later to assess drift on the part of the measurers. The presence of LE was confirmed if there was 2 cm circumferential difference or more between the affected and nonaffected arm at any of the 5 points at the time of the measurement.
Lymphedema and Breast Cancer Questionnaire (LBCQ), an interview tool, was developed and piloted prior to collecting the data reported in this study to assess the experience of LE symptoms. The LBCQ consists of 58 items. The first 38 items are questions concerning subjective symptoms related to LE. For each of the 19 symptoms, participants may make an affirmative response for current experience of the symptom (now, in the past 30 days) or experience of the symptom in the past year (past 12 months). Answers of "yes" or "no" are recorded; if yes, a follow-up question elicits the participant's action (if any) in managing the symptom. Scores for total current symptoms and total symptoms in the past year are calculated, resulting in a maximum total symptom score of 38. The remaining items are questions about demographic information and LE management. Prior to the study, face and expert validity were established by multidisciplinary researchers, clinicians, and patients (ie, oncology nurse clinicians, surgical oncologist, physical therapist, oncology social worker, biostatistician, and breast cancer survivors). Reading level and format were reviewed by expert patient educators. The instrument was piloted with 8 breast cancer survivors with LE, leading to minor changes in the ordering of items. Reliability of the LBCQ has been evaluated using Kuder-Richardson-20 and the test-retest method. Kuder-Richardson-20 reveals an acceptable measure of internal consistency (r ϭ 0.785) for all 19 items. Test-retest reliability was evaluated using a sample of healthy women without breast cancer or LE (n ϭ 35) with a 2-hour test-retest interval. Findings reveal a high degree of reliability (r ϭ 0.98). 28 
Ⅵ Procedure
Following approval by the Health Sciences Center Institutional Review Board, recruitment and data collection were completed over a 3-month period. The researchers explained the purpose, risks, and benefits of the study to breast cancer survivors meeting the study criteria who were referred to them by healthcare providers. Informed consent was obtained. Upon agreeing to participate, women were interviewed to complete the LBCQ through a face-to-face interview. The researchers measured arm circumferences on each woman.
Data Analysis
Data were coded, double-entered into an Excel 7.0 (Microsoft Corporation, Redman, Wash) spreadsheet, tested for accuracy, and corrected. Data were analyzed by a biostatistician using SAS 8.0 (SAS Institute, Cary, NC). For this secondary data analysis, descriptive statistics were utilized to analyze demographic data, occurrence of LE, and presence of LE-related signs and symptoms by age group. The Shapiro-Wilk test was used to test for normality of the data distribution. The Fisher exact test was used to determine if there was a significant difference in LE occurrence and symptom experience by age group. The Fisher exact test was also performed for selected independent variables regarding LE-related signs and symptoms to ensure the validity of 2 testing. The signed rank test was used to determine whether the mean absolute difference in arm circumference for women with LE was different for women aged 60 and older and those younger than 60.
Ⅵ Results
Sample
Among the 102 women who originally participated in the study, 2 women were excluded from the analysis by age owing to extreme outliers in the circumferential measurements: one had a history of primary LE and bilateral mastectomy and the other had a history of morbid obesity with a recent 100 lb weight loss, which may have affected the accuracy of limb circumferences. Thus, the overall sample consisted of 100 predominantly Caucasian (95%) women with breast cancer: 49 women aged 60 or older and 51 women younger than 60. The sample was normally distributed in terms of age (58.7 Ϯ 12.8 years; range ϭ 31-88; P ϭ .5). The typical participant in the study was 59 years old, with 12 years of education. Overall, the mean time since surgery was 28.1 Ϯ 39.1 months (range ϭ 1-294 months [24.5 years], median ϭ 20.4 months). Participants with LE had a mean of 29 months (Ϯ53.3 months, range ϭ 3-294 months, median ϭ 17 months) since surgery, while those without LE had a mean of 27.7 months (Ϯ29.7 months, range ϭ 1-142 months, median ϭ 19 months). 27 Characteristics of the sample by treatment group (sentinel lymph node, axillary lymph node dissection, both, or neither) and mean ages are depicted in Table 1 .
Analysis of weight within the age groups showed that the mean body weight was higher in women younger than 60 (80.2 Ϯ 19.7 kg; median ϭ 79.1) than in women aged 60 and older (73.6 Ϯ 13.5; median ϭ 73.2). There was a trend (Wilcoxon Rank Sum test: P ϭ .055) for the mean body weight of participants with LE to be higher (79.1 Ϯ 15.4 kg; median ϭ 80.0) than of those without LE (74.5 Ϯ 16.8 kg; median ϭ 72.7).
27
LE Occurrence
Overall LE occurrence among the total sample, regardless of age differences, is reported elsewhere. 1, 27 In this secondary analysis (N ϭ 100), of the 49 women aged 60 or older, 30.6% (15 of 49, Exact 95% CI lower and upper confidence limit: 18.3%, 45.4%) had measurable LE based on sequential circumferential tape measure. Of the 51 women younger than 60, 41.2% (21 of 51, Exact 95% CI: 27.6%, 55.8%) had measurable LE, the higher prevalence of the 2 groups. Figure 1 shows percentage of LE occurrence in the 2 groups.
There was no statistically significant difference in LE occurrence based on age as a continuous or categorical variable. The P for the 2 test on age as a categorical variable (age Ն60 or age Ͻ60) was .2712. The P for the Wilcoxon Rank Sum test on age as a continuous variable was .5061.
LE-related Signs and Symptoms
Sequential circumferential arm measurements were used to assess objective LE signs in this study. Figure 2 shows the mean absolute difference (ϮSE) in circumference at each of the 5 anatomical locations along the arm and hand for breast cancer survivors with LE and those without LE with regard to the age groups. However, the mean absolute differences in these 5 locations were not statistically significant at P Ͻ .05 level. 27 Lymphedema-related symptoms occurred in women with LE of both age groups regardless of the presence of LE. Six subjectively reported symptoms were found to occur more often (P Յ .05) in the women with LE younger than 60 (Table 2) . These signs and symptoms were numbness now (P ϭ .0312) and in the past year (P ϭ .0156), tenderness in the past year (P ϭ .0156), aching now (P ϭ .0079) and in the past year (P ϭ .0013), and increased temperature in arm now (P ϭ .015) ( Table 2) .
Women without LE in both age groups also reported LErelated signs and symptoms. Women without LE younger than 60 generally reported symptoms more often than those older than 60 (Table 2) . Nine symptoms occurred more often (P Յ .05) in survivors younger than 60: limited movement in shoulder (P ϭ .0252), breast swelling now (P ϭ .0255), firmness/ tightness now
SLNB and
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*ALND indicates axillary lymph node dissection; SLNB, sentinel lymph node biopsy. Table 1 • Sample Characteristics* (P ϭ .0277), heaviness now (P ϭ .0118) and in past year (P ϭ .0295), numbness now (P ϭ .0005) and in past year (P ϭ .0004), tenderness now (P ϭ .0255), and aching now (P ϭ .0143) ( Table  2) . Furthermore, more than 30% of women without LE older than 60 also reported numbness now (35%) and in the past year (39%), and tenderness in the past year (39%).
Ⅵ Discussion
LE Occurrence
It has been assumed that older women, known to be at higher risk of breast cancer, are also at higher risk of LE. The key finding from this secondary data analysis revealed that the occurrences of LE were 30.6% for women older than 60 and 41.2% for women younger than 60. Taken collectively, these findings are similar to the findings of LE prevalence reported by other researchers. 1, 29 Although LE occurrence in both groups was not statistically different in this sample, women younger than 60 had the higher LE occurrence numerically (41.2%) in comparison to women older than 60 (30.6%). The relatively higher occurrence of LE in younger survivors was not expected. One interpretation of these findings suggests that assumptions of higher LE prevalence among older survivors may be in part a reflection of the higher overall number of breast cancer cases over age 65. As noted earlier, post-breast cancer LE exerts a wide range of impact on breast cancer survivors' quality of life, including interpersonal and family relationships, functional abilities, and occupational roles. 13 It should be noted that younger breast cancer survivors may hold jobs outside the home and share childrearing responsibilities, care for older parents, and/or household chores, more often than their older counterparts. Thus, the quality of life of younger breast cancer survivors may be more highly affected if LE occurs in this age group. While younger women may report increased interference with life secondary to LE, older women may have increased comorbidities and more overall symptoms from all sources. On the basis of findings from this secondary analysis, it is particularly important for future studies with larger samples to focus on age differences in LE occurrence so as to ensure preservation of quality of life in breast cancer survivors.
Although the absolute differences in arm circumferences in both age groups were found not statistically significant in this sample, it is important to note that when examining the data closely, the upper arm was the only anatomical site found to have relatively higher (albeit not statistically significant) mean circumferences in women younger than 60. Other anatomical sites (hands, wrists, forearms, and elbows) were found to have relatively higher mean girth in women older than 60. In addition, more than 50% of women with LE and more than 15% of women without LE in the over-60 group reported "sleeve fits tighter" and "sleeve cuff fits tighter." Implications are 2-fold. First, this finding may reflect changes in body composition with age. Second, this finding has important clinical implications in that it suggests observation of the hand, wrist, or elbow alone would not be sufficient for a preliminary diagnosis of LE by a physician or nurse during a routine clinic visit. Rather, circumferential measurement at the upper arm would most likely reveal LE, and thus is absolutely necessary for accurate LE assessment.
Anecdotally, it should be noted that arthritis often occurs in older women. The impact of arthritis on hand deformity cannot be ignored. The upper arm is one limb site less affected by arthritis. This further supports the use of the upper arm as a key measurement site.
LE-related Signs and Symptoms
Women with and without LE in these 2 age groups reported that they experienced a variety of signs and symptoms such as Proportion of women with lymphedema by age less than 60 versus age 60 and over. P (Chi-square) ϭ .2712.
larger neck and arm size, sleeve and sleeve cuff fit tighter, swelling, firmness/tightness, aching, swelling with pitting, numbness, tenderness, breast swelling, and heaviness. Successful management of signs and symptoms relies on prompt identification and accurate assessment. Future research studies should focus on further refining a reliable and valid clinical instrument such as the LBCQ 28 to assess LE-related signs and symptoms and management interventions.
Overall, women older than 60 with 2 cm differences or more had relatively less frequency of reporting LE-related symptoms. In addition, more than 50% of women younger than 60 without 2 cm differences or more also reported the symptoms of tenderness now (55%) and in the past year (54%), and numbness now (79%) and in the past year (85%). Meanwhile, more than 20% of the women older than 60 without 2 cm differences or more reported the symptoms of tenderness now (27%) and in the past year (39%), numbness now (35%) and in past year (39%). It is important to recognize that some symptoms experienced may be related to breast cancer treatment in the absence of LE. For example, Baron 29 found that tenderness, soreness, tightness, and numbness were severe and distressing symptoms that occurred in women post-breast cancer surgery. Our data support the work by Baron and colleagues 29 in that numbness, tenderness, and aching occurred frequently in all women treated for breast cancer regardless of LE presence (Table 2) . However, our data show that these symptoms were more prevalent in women younger than 60 regardless of LE presence. These data suggest that some symptoms experienced may be related to the surgery alone (and not due to LE) and, further, that the reported experience of LE symptoms is associated with age. A review of treatment groups by age reveals the group with the oldest mean (70.1 years Ϯ 15.7) and median (74 years) age is made up of participants who had surgical treatment with neither SLNB nor ALND, a protocol that may be associated with fewer LE-related symptoms. Additional research is needed to develop and test interventions to minimize symptoms experienced not only by breast cancer survivors with LE but also by breast cancer survivors without LE, especially for women younger than 60. The results of our study suggest that attention should be paid to age differences in self-reported LE signs and symptoms.
In addition, more than 60% of women younger than 60 regardless of LE presence reported numbness in the past year (Table 2) . In this study, on the basis of the structure of the LBCQ item, the reported numbness may have occurred in the arm, breast, or chest. In general, posttreatment symptoms are attributed to surgical and/or radiation interventions. One possible explanation for this finding might be that younger women are more sensitive to this specific sensation. Specification of location and duration of the symptom and time since surgery in association with age would be helpful data for further analysis. Further research is necessary to examine this issue.
An alternate explanation for the findings related to greater reporting of symptoms by younger survivors is that older participants who commonly experience chronic illness comorbidities in later years may anticipate (and accept) symptoms as a normal part of aging or may be taking medications for pain and thereby report less frequently symptoms that are experienced. Interviews documenting existing signs and symptoms at preop as a baseline comparison to later symptom experiences following treatment may be helpful in distinguishing in older patients symptoms related to LE versus those related to other comorbidities.
Another possible explanation for these differential findings is that the time period during which only subjective signs and symptoms can be detected may be a latent stage of LE. That is, symptoms may be experienced prior to the emergence of measurable limb volume changes. Once post-breast cancer LE becomes established, LE has a tendency to become more severe with time. 4 Successful management of LE and related signs and symptoms is dependent on early detection and intervention. Longitudinal studies that prospectively examine the self-reported signs and symptoms in combination with precise limb volume measurements will assist in determining if subjective signs and symptoms are accurate predictors of latent stage and emerging LE in breast cancer survivors of all ages. Future researchers should design a model to predict the occurrence of LE in terms of LE-related signs and symptoms in association with age differences so as to promote early detection and management of LE.
Ⅵ Strengths and Limitations
Although age is assumed to be a factor related to risk of LE, few epidemiological or intervention studies to date have explored the phenomenon. This secondary data analysis provides information that challenges the assumption of higher prevalence of LE and related symptoms among older breast cancer survivors. However, further research is needed to explore age differences in terms of LE prevalence, signs and symptoms experienced, efficacy of LE treatment and symptom management, and comorbidities in all breast cancer survivors, particularly in those younger than 60. This study used circumferences at 5 anatomic points at one point in time and LE was defined dichotomously as Ն2 cm, a commonly used diagnostic and treatment criterion. Studies with larger samples and limb volume measurement as a continuous variable over time from preop through postop follow-up using well-validated and reliable methods are recommended to more rigorously examine these issues. 30 
Ⅵ Conclusion
This secondary data analysis examined the occurrence of post-breast cancer LE and the relationship between and among the presence of measurable LE and signs and symptoms
